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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic EL material which can emit light with high 

loThTI 6 and 1 Can /f, al,Z I e tha T iSSi ° n ° f ' ightS ° f three Pnmar y co,ors ' i e - ™* blue and g^een. 
to thereby realize full color display. 5 ' 

ffmn L IH 0N: THiS T!, a u iC t' eCtroluminescent material consis ts of a single ligand organoiridium 
LZniHH ePreSe , bV g6neral f ° rmula: ^L1)3]X3 or [Hterpy)2]X3. a binary mixed ligand 
?. ?w l ri m comDlex represented by the general formula: [IKL1)2(L2)]X3 rir(L1)2(L3)2lX'? Tlr 
CL1)2 OCIfflx. [Htarp y XL3)3]X3 or [Kt.rpyXX,)3l and a tarnary UJm£E . trgfntfS 
complex represented by the general formula: [Ir(L1)(terpy)(L3)]X3 or [lKL1)(terpy)(X1)]X2 In the 
formubs the ligand L1 is 4,7-diphenyl-1,10- phenanthroline, 4,4'-dimethyl-2,24i Py rid n or the 
ike; the hgand terpy is 2,2 :6',2"-terpyridine; X is a hexafluorophosphate ion, a boron 

° r ' ike L th . e " gand X1 iS 3 Ch '° ride ion ' a bromide ion or the like; and the 
ligand L3 is ammonium, pyridyl or the like. 
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(57) [Stt] ((SiEW) 

^Jmfe£l:7fc£^JI L T 7 ;U * 5 - ? j 7, ■? U -i ^r^gr 

I J -*g5£*i [irCU ), ]x 3 Xtt [ircterpy), ]x 

[lrCU)iCl*)W. ClrCLOia,),]*. prCU), C*)i] 
X [IrCterpvOCL, ), ]%Xtt[Ir<terpy)<* }, ]"C«3*i 

rCUKterpvOCL. )]X 3 X« [IrCL, )(terpy)(X 1 )]X, T'Sl;* 

4. 4' -i^?JU-2. 2' -tfty5?>*. fg{S^ 
terpy«2. 2 - :6', 2 " - f-;Uf >J i». X 



C2) 



10 



20 



_ j j _^*S[lr(U) J ]X s X«[IrCterpy),]X 

>@gT;u* 'J *. *c b y ? * ' ^>- 2 - 2 ' fc fc / J lb 

#>m>^-r*l* i ~C*> r ) I Ea^terpvW2,2':6' ,2 -r 

ft. (Ob. MtuWUB4,^*^ 
^tV h a 'J >. 3,4.7,^ h 9* _ 

#ts'c <t u f i- °* - * ' ^ J 

tm. (fib. s^uts4,7-^^-^-i.^-^ 
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>hay>. 3,4.7,8-f h^w.u?^^ 

y> 4i4 ._^^-2,2--tff.J^> > 4.4-5/7*- 

* ; 2 ..«uy>-4.4-*^^ 2 - 2 '-" 
iw2,2^ t -y^,2--^^u>. 2.2^+^ 
LrtUrm. try K-;y>*^>^ 

% fEU tBgI2^^>> WW*. 



30 



1o Oof fitWW*. f0fi^tm«**2 

50 \t^rc%^^^^^ 



3 

T£>4/c#>. ^x*jU^-, ^r*^~x, I^ft, ^ 
10 0 0 5 ] 

1lELj^#$RSeftT pflxt^ Appl. Phys. Let 
t. t Vol. 51(1987) p.913*5cfcW#BgB363-29569(C«, 

fnimc1nXl>2> 0 £/c, Appl. Phys. Lett., Vol.75 (1 

999) 4Cc«. A y^Ao^xiuey t?Mb^£W 
mtt 4«afeS J P#$R$ S *rc i > 4 . 

[0 0 0 6 ] cn^CDW^EUR^^S^t^^r^-rS 
4 tabic*? a 7, V \y A g& £ it (DHJBffcK: tel'J o 

[0 0 0 7 ] ^f^^u-rgtitrnwkr^ 

£>4 Q VMilz?— ^^£^fcfeT'&4/c#>CCG3:, 

[ 0 0 0 8 ] fi£oT, ^^Tt^pJffeCC 
[0 0 0 9 ] 

S# [Ir(U ) 3 ]X a X« [Ir(terpy) 2 ]X 3 n^^-fS 3 

?iz>*Wftr#>4o 

[ooio] n^m2<D§m\*. — mawtdrcu) 

2(U)]X 3 , [Ir(L a ) 2 (L 3 ) 2 ]X 3 , [Ir(L a ) 2 (X^jX, [Ir(t 
erpy)CU )i ]X 3 X^[Ir(terpy)X 3 *l4 Zl«SirI2 

ttcfc 5 4 C £ fc4M»i-r 4 WBEiiW-C* 4, 
[0 0 1 1 ] »*53©»W«. — «a#*[IrCUXterp 
V) CU )]X 3 Xti [I r(L. ) (terpy) (X, )]X, T'3l £ ft 4 =«ffi 4C 

ci«c±oft3tr4ciSr^ir4««ELtmr* 

4 B 

[0 0 1 2] IS#^4(D^!3« % gufg-PJ^AfSf*© 
2^«±#^LT^£ft?c^S<*. C<D^S&£ 

ELf#*r*4. 

[0 0 13]lfi*55©^(t fS^lfl. 2. 3Xt* 50 
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4 ^sBtt© W«EL«f4*SWT 4 i»K5fefcJE *FBS £ P£ 

*S-«i4Ci*!»a<br4W«EL«^'r*4. 
[0014] 

fiSStcJ: 0 ^*I£>W« ^ y v^A^^fl) C £ cc 
l£JftU C©fiS*«:BECC!|fH200l-270S93<b OTt&HO 

n>4 0 c^^£^to. mrfsw*£^ y 
sa>i-«!*jH*f-r 4 £ k s«©ffl?som*^^3t-r 4 c £ 

[0015] u^^a«i*(cjh 
*fL/rm****s-if4*sc-ctt, ^-Y^^u-r^si 

ir4 0 ffli*tf. JSbS2fflosg^?s£fl*ti-Y y s^a»# 
<m^mmw^msL. w»w y ^ ais**©*®* e 

[0016] *cr. «^f*ae^e>a^*^< ^x.. 

Cti^OWS^ y^^AJtf$^^EnJDT4C£ 
CC ct 0 IB* T 4 Or I £ »2B L *^B^ ^SSJT 4 
tCl!l^fcfe(Z>r*4. ^fS^J^^iPi^ 

[0017] c ou&fr h ^v^a 

S»©EL«Ft4S:a'J^r4C£«:L/c B *CDig*. 

mmmicm^Tmm.j y A»»*w«EL*t»£ , s- 
ccis* i> temm Ait *3WELWft**-r 4 £ 1^ 

4c 

[0018] ^^^^4^ELW4«wm§5ffi^# y 
t*y^>£^y^^7A (in) -/*>3^6«JsESti4W 

ti4 0 

[0019] ^-ig{4MWH^ y ^^7 -flS^C 

^cir(u) 3 ]x 3 ra$n4 h y^#— a2(4SWll^ y^ 

^ Aigft£, — ^[Ir(terp V ) 2 ]X 3 "Cg?n^> b'7,#— 

LTU £ terpv^cf 3r (4c7)i2(4^r^)4o 
[0 0 2 0]*ft*Jtc« % iBffi^U« 4,7-y7xr.;k 
1,10-^ x^> F D 'J > ( 2,9-S/^^;b-4,7-> ; ^ ^x;b 
-1,10-"^ ^ ^> hn y 5-^ i -r-Jl/-l,iQ-y i h 



C4) 



u0> 5 ~rO-i,io-7*y->roy>. 5-w°- * 

11B .7*^FOV>. 3.4,7,^ 

; t >F 0 .j>. 4,4--y^^,2'-tf;y>. 4, 

4 ..y7 I -JW2.2'-tf'jy>. 2, 2-fb-U^>-3, 
3 -_i>*-.>W 2, 2--tfyy>-4,4'-**^ 2, 

yfrfUS .2 1 f f V J»2,2'-* * > 'J 

VtuWDEtt^-C**. *?c. Ufit^terpvHS ,2':6' 

*(b«H*>. iw-f*^ 5181 

«5£#ClrCU),CU)J*. [IrCUMU).]*. [Ir(U > 
CX, ), ]X [IrCterpv) CU ), ]X, XI* [Ir(terpy)Xa ]"C* 

2 «@©iaft^fe^£^** fU ' ri ' i *" cct?1 

flj©!*^. *0"CU. U. uiterpytJ«tt©iBtt 
[0 022] jMWKli. Eft^uWU »4,7-v? * 

h a "J >- 2 ,9-i» ?*-4,7-^ 

aa-i,io-7*^-> h a y >, 3,4.7,8-^ 
ia0 7xt^n y >- 4,4--^^ ^,2'-Kii 

V 4 4'4?7*iA-2,2 , -Ktliy>. 2,2'-kty 

@g 2 V-£fc-y^>-4.4 , -#^*>§^.>i>#y&. 

yCh^WO^ *>-2 ,2 ■ * K 'J i». 2 .2 ' 

y> 2 2 '_^+yy>-4.4 , -y*>nP>«l*»&«»S 

tl7c^ : rn^CDi5fitT--C*S= i2ffi^terpvli2,2' :6' , 
> JWt*-t*>. WB^*^ * itm i 

[0023] =a»^Ett3iw» a y Attf*». 

^[IrCLO(terpy)aO]X.X«[IrCLO(terpvKX 1 )]X i 
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[0 024] *«9Ktt. E&^U«4,7-V7*-Jl'- 

x 10-7 r o y >• 3,4,7.a-f I- 7^ ^V-1,107 
^>FO'J>, 4,4'-^^-2,2'-t'f 1 jy>. 4, 
4--iP7*^-2,2'-^f-;i». 2, 2--tfjy>-3, 
3 "_y^-;b 2, 2'-ef'jy>-4,4'-*^>i- 2, 

7 Ma^*)-2,^^jy>2,2'-«^X 2, 

tr y s»* £ y s^*^^**® 1 ^*^* D - 
EfiWWtt ,2- :6- .2--W y s?>tr*«. ^ 

*<HS-f*>. *<t*-f*>. W 

[0025] «S£Ut«SU 'J ^Ai»KfcW._S2 
tt*U. UttOSKtt*' terpv 5?» tt^ 

[0026] *^©wm-r y s?$A«tt*e>tt**« 

j0 ) ! KHt NdRt»«NH,. X=C1. Br. rC«3nS8^ 

[0027] cne»©J^f4%®^^^^>^y 3 - ;l ' 
(»*i97 6-c) mo^msmm^M^-cmmm^ 

U k*m«gTt?. v-f^aiffiMS* (6 0 0W, 245 
0MHz 1 5») KJ:04H«l«1-*i. WiiS*^ 

fla-fys^AWtaJ^ssh*. c«m»^v^^ 

©«Jtffi©»»BI»« !|#Pa2001-270893(Cgg/n 3 tlX l> 

[0 0281 c©««8rc£fiS3ftfc*i«-f y^^Atl 

y^^Attfrt^WS^** 8 * 1 *' 
[ 0 0 2 9 ] « 1 KSaorSEtt+U " U©BS5E^£ 
^•T. Hffii2fii L terp V 5if)lB2 ,2' :6' .r-f** 'J ^> 



<U -Li 



7 

<L.-L, ©««««:> 

4,7-^:7 i^;U_i f io_y x ^ > h D »J > 
2,9-^ ?JU-4,7-S>7 ^~JU-l,iO-:7 hP'J> 

4,4'-> ; 7x^ ;U-2 , 2 tT t* U ^> 
2, 2 , -b'b*'J> ; >-4 > 4 , -^;l/^>g$ 



2,2'-t'^y >J> 

2,2 , -fcT*>' U>-4 ( 4'-^^7;Ujfr> 
[0 03 0 ] #ffiffi(4T-L 3 (DD8ia#ii. 7>^7l 

(nh 3 ) . f»j^>s ( PV ) . (p 
> (cr) t g:imj*Zs (Br) . mtifal*^ (r) 

(HV> , 47 "jitfcVmj*^ ( BF, " ) , a 

ilt^t> (a<v) . (cr) , juttt 

(Br) , fi£I£^> (so/-) ) . 
(NO3-) , mtm<<*> (r) T'&£ e 
[0 03 2 ] cn6©fflfg2#€:JBl*r . W«ELtm± L 







1 


[Ir(dpb-bpy) 8 ](PF 6 ) a 


2 


[Ir(han) 8 ](PFe) 3 


3 


[Ir(dph-t>ben) 3 ](PF 6 ) 8 


4 


[Ir(dph-bpy) 2 Cl 3 ] (PF B ) 3 


5 


[Ir(bQo)fCU](PP a ) 


6 


[Ir(terpy) a ](PF6)8 


7 


[Ir (terpy) (dm-bpy)Cl] (PF 8 ) 3 


8 


[Ir(terpy)(phen)Cl](PF fl ) 2 


9 


[Ir (terpy) (dph-bpy)CI] (PF 8 ) 2 


1 0 


[Ir(terpy)(bQn)Cl](PF 8 ) 2 



[ 0 0 3 3 ] w«e Lttommz* mm/mcm/f& 

f&t-oitm t mm* fa±? c t &nim <t & a. 
[ 0 0 3 4 ] m.?L&xmxizm+&xm*tttin 

x$z> 0 



(5) t^2 003-147345 

s 

dph-phen 
dmcfphen-phen 
ph-phen 
NO* ph-phen 
Cl-phen 
cfcn-bpy 
dph-bpv 
bpv-diol 
bpv-di cal 
bqn 
bqn-di cal 

iB/«^WSJl/*3feiB/P*e. ( 3 ) 

[0037] mBsuHM^mrn-t s 
£cs e wffi-r y ^^A^-^-ecDiea-^cDss^x. 

So 

[0 0 3 8 ] |*»W*«ic«E £EP#DT£ i . 

[0 0 3 9 ]^-^r, »*JBtt«-T-ijE?L*»jS-r5« 

40 $ n S|fijH«fficc*7&s* o r J: t i w 

[0 040] **"HOWIiEL«*»*d*Lfc«6ll*« 

[0 04 1 ] J:0»«:WC=». C(D«EBtt, Uttlfc* 

50 itLxw>j&?z> 0 &ftmommicr>{,>xizfti,cfflmizrj: 
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(6) 

9 

[0042} 'J ^ ^AllWtWbB 

L. |fcfcf§:£{*SC*tU-C3 0~l 0 0SS%O©HtCS) 
5fc©*ijffST*S*«. c©a<BO®/&S ft ft 

[0 0433 UTrsBlfeftJf K«. WWELttW^****^ 

ft. C<DMS*1M h»flt««i^-C«. 
*ij(5»,»*>©««F*L/<. *©«**0.3-~l.(yC*4fc©* J l 

fiTg-c&ft. 

[0 0 4 4] CCfc^&SiSS^If-' hMftSi^^ 
ft. *fc. *«3fiW»^t^»*»^4CifC*. # 
[0045] R^*!to»ffiRCfl*«tt. f±*l»i&© : 

. Fcrro). snci. znofr a oymw&MVittW 

[0 046] ssisoit^^^' » * 'J > 9 

^-ffi^«^-c^fS©ff^c/^->'fbsnft. 

[0047] aWkStlft«S"C«:. ^©3fci§iM^£ 

li«^«:4>«fcft3t>5> Ifionm~ium, $?£b<«io 
~200nm©®ffl"CiS53:*T.ft. 
[0048] 

^ y AH^cDSSit^a?:^. cne>©w(sw y v> 
{c-^^-c^-rft. 

[0049] GKS&ffl 1 : *-ffittS«f«-f 'J ^ $ A ^ 

($«cj:ftW«Ei5R^]S-r. -fiS5s;[ira.)i]x,-c«§tv 

[Ir(dph-bpy) 3 ] (PF 6 ) 3 *Jll»-CS&l!8f ft. 
[0050] %I&7 K— flSSH ] (H, 0)> (M 
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*i: 3©*Mfc"C«Al/t:»£U »dffl|Oi?l'> 
yy a— ;u?:Jra;tft. ^oMMW.<DXr>ic%m.? 5 X-a 

[0 0 5 1 ] S+U^'^'f •» ^fcAft. H^tf^S: 
S&O&J&Si&T-f fCiS (ffiSbt!C2450YHZ . 500 W) £J8 

sf-rft. a«an»m m#"c«sw**«u 

1 [0052] fiwsufciSiffitce? » fty vtt&'J f *oa» 
f 6 )^?07K^?S5rJ]n^ ft £ ufe©ttfa*5£j&-r * . wta 
ufctua*«3i6accj:»)iiKEr*. »e>*vfc«**T 

^ f-r. v y /we****. T-fe h — h y J14MIH«-' 
csoBiyfetUR*^ ft ft iHfett^^ffi-r 

ft. ®5lftiiK:«fc»)liei3ti*«:Ji*^. *^*St/-C« 

-C*> ft [IrCdph-bpy), ] (PF 6 ), ©Slifil t ft < ~SC bfc. 
[0 0 5 3 ] 'XK, -^■fiSSlafc[IrCdph-bpv) 3 ](PF s ) 3 ; & 

0 xXA^^ftlTO&^Ormi^Kb/c^'^^S^?:! 1 !©^ U 

> 4 50nin©IIW«: a ft J: 9 KJS^I&S L T iE?Li£AJl * 

[0054] C©jmfeAJi©-BC. ^figSn/c^EL 
tm-C* ft HUia [IrCdph-bpy) 3 ] (PF. ) 3 OX > 

40nm©lfe3t)i«r^bfc. C©IS3fcJS©±^ 

30 [0 05 5] c©ffl»Q*f-«:*i»,»'C. rroSBJ^ffi?: 
pgfliiL/. -7y*^'?A£SS©S^«S*BE®<t«cft«fc 
9 (c. 5~20*i/h ©jtiTuSff^EnJi u . rTom®^ 

*5. spi^S*S600niii©,lf»S©^U'>^* 5 tKaiS*T. 

[0056] gmwz ■ m-iattsw^-r uyfAfli 

fete i «3£ PrCL. ). ]X 3 "C« S h ft#- 

12<4SW^-< U i"? A8H*©JS 2 ©«KJ*. [IrCbqn) 3 ] (P 

F.) 3 *fflt>-C!& f B-*-ft. 
40 [0 0 5 7] «77X3K- flg^Mi[IrCl,](H 1 0),(M 
= K, NaiSt-HiNH, )-Ca3nft3fiffi©6lI{bW y i^A 
©2,2 , -tf*>'y>«ri: 3©*Mb"C 

ft. c©^Sffi©Ao/cAJS7 5^3^3§^ i g5r^<iL' 

Wl ilSl^-C&ft^e^^OSTft. 
[0 0 5 8 ] ^^W«C, S2ie«L/-C@lft«H©f8»« 
?ri#ft. -5-©JR*«905St?. TCkm^ftffitttifi^lSt?* 
ft [lr(bqn) 3 ] (PF. )> ©ffiBfS i ft < -=fC b fc. 
50 [00 5 9] -XIC. -&)«Snfo[Ir(bqn) 3 ](PF s ) 3 ?:ffi^ 
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[0 06 1 ] Rj5gW3 : -«ig^ieGV£3r«-f U ZsO 

Aigwcct 4w«EL«-f]— aacircu ) 2 ex, ), ]xt*s 

ffll*. [Ir(c(p-phen) 2 a 2 ](PF 6 )^:fflt*Ti»W-r-5o 

[0 0 6 2] AJK? -7^3Kl3ffi06teYt^ U t>^Ai*. 

( flSfciS : Mj [IrXs](H 2 0)>M= K, NagtMiNH,) tZLM 
I2{i^U ©4,7-^:7 ^^;U-i,io-y h p y 

[oo6 3] tsti$Ltcmm&i&mtc s 6?yit*)>w& 

Cc x - D 4 S ran x. £ i »ett»3&*Ur ffl 

K£rf#£ 0 *OJR«60KC. 7n^^W<g(J[Ir(dp-phen) 2 
CI 2 ] (PF 6 i a < — » U 3ft. 

[0 064] ^tC, tl/c [Ir(dp-phen) 2 Cl 2 ] (PF B ) 

{ fcX X*p & & £ ITO* 120nm^ Liciiz? 7, SS£ PIS £ 

[0 0 6 5 ] C<DJE?L&AJf <D±fc:, ^JiESti/cW«EL 
* 4 Bfffa [Ir(dp-ph e n) 2 Cl 2 ] (PF 6 )£*£3r Lt t i 

<#^> <««^ ys?*A»tt> <JF«tffc*> 
*Sg^J 1 [Ir(dph-bpy) 3 ] (PF 6 ) 3 600nm 
[Ir(bqn),](PF 6 ) 3 700nm 
[Ir(dp-phen) 2 Cl 2 ] (PF 6 ) 580nm 
[Ir(dm-bpv) (terpy)Cl ] (PF 6 ) 2 550nm 
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[0 0 6 6] COW<SEUR-f-CC*5Cir . rTO^HJ^S^r 

5-2 O^U hOlSSSflSEEtrEnJDL. rro^&£ 
i§itUTEL7t£^£-t*/c 6 «*as*«^^>s«r-s-S 

[0 0 6 7 ] [I»J4 : = fI^I2fi^WM^ V 
^e*«C<tSW«EL*-^]— ffl^ClrCLOCte^CXi)]^ 

&<D— ffl*. [IrCdn-bpy)Cterpv)a]CPF t )i«:fflO*"t:itt 
■JET*. 

[0 0 6 8 ] 3*Lfi7-7^o(c:3fiB©6te^t-r 'J^AtS. 
( — 885S : Mi [IrCU](H 2 0). M = K, Nc^fcfcNH,,) <b 

P Sit* £ HJ^GBitt ^ e 

[0069] »»ufc*»8as«c 67^t y >BM> y 

•WW***. *<0iR*tt6GKT\ 7C*»*fffltt[IrCchi- 
bpy) (terpy)Cl ] (PF 6 ) 2 CD^^ffi il< — gfc o /c 0 
[0 0 7 0 ] y:^C. ^^en/c[IrCdp-phen) 2 Cl 2 ](PF 6 ) 

*fflt*r. w«Ei«^*ffi!tL^ D w^EL^^-cDSiii^ 
[0071] ccDWWEiiR^ccfcCir. rropgHj^^. 

^tC, 5-2 0 h©H:«E«EE€:EPaDL. rro^S^ 
[007 2] KftM 1 -HJfetfS 4 3 CCtfT „ 



30 



^JfaP(I2 
^SSW4 

[0 0 7 3 ] W*EL»^-tC4jlir« % Epaj«EE«SS:?K^ 

«r«5-2 o*r;b hoaHrSEftShfc. ep»d«E^ 

[0 074] «±0<t *«MOW«B-Y y A*f 



50 



ma 

^[0 0 7 5 ] ^^«±fH^«S^^R^±IEIIJsW(ClIl 



(8) 

13 

j, »JBH«c *rt* 4 « * ©SOB0«»HSH*Ett <!:' h * Ott«S 
[0 0 7 6] 

[^©SJjIH] BW0ai©«B8K«ttl«. — iM^CIr 
CU ) 3 IXXiJCIrCtarpy), ]X,T^Sn5f- EBBS*!* 

[0 07 7] »#*2©»WCJ:*l«. -ffl«*«[lr 10 
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